The Nkx homeodomain proteins play a role in cell type specification and/or maintenance of the differentiated phenotype. To investigate its expression, BAB/C mice were set up for timed mating. All specimens were cryosectioned, the TKE2 cell in two different media were collected for immunohistochemical staining and the cornea from all the time-points of postnatal mice were used for western blotting. We found that NKX2.2 was absent in embryonic stage and began to increase from P15. The expression is similar to that in human cornea epithelia and weak in limbus but strong in adult stage. Our study demonstrates that NKX2.2 expression is developmentally regulated in cornea epithelial cells, and regulated in the differentiation of cornea epithelial cells.
INTRODUCTION
The cornea is composed of three major cellular layers: An outer epithelium, a central stroma and an inner monolayered endothelium. For mouse, the eyes open around postnatal day 14 and cells in the one to two-cell-layered epithelium proliferate and differentiate to form a four-to five-cell-layered corneal epithelium till 21 days after birth. The mature corneal epithelium contains five to eight cell layers and the maturation process is achieved by 6 to 8 weeks after birth (Hay, 1980; Zieske, 2004) . The development of cornea epithelia is under meticulous control, but the important genes in the regulation are unknown.
Nkx genes have been implicated in cell-type specification and maintenance of the differentiated phenotype in many tissues of evolutionarily distant organisms, ranging from Drosophila to mouse (Harvey, 1996) . Nkx2.2 is a transcription factor of Nkx homeodomain genes, which contains the NK2-SD. The NK2-SD functions as an intra-molecular regulator of the C-terminal activation domain in Nkx2.2 and supports a model in which interactions through the NK2-SD regulate the ability of *Corresponding author. E-mail: jinglinyidr@gmail.com. Tel: +86-0791-3827030.
NK-2-class proteins to activate specific genes during development (Watada et al.,2000) . During early embryo-genesis, the Nkx-2.2 homeobox gene is specifically expressed in a narrow band of neuroepithelial cells immediately dorsal to the Shh-producing ventral midline cells along the entire neuroaxis including the ventral diencephalon (Barth and Wilson, 1995; Shimamura et al., 1995; Wilson, 1995; Qiu et al., 1998; Briscoe et al., 1999) . The molecular control of oligodendrocyte specification and differentiation from neural stem or progenitor cells is regulated by Nkx2.2 (Qi et al., 2001; Soula et al., 2001; Rowitch, 2004) , including the glia in the retina and optic nerve of birds and mammals Fischer et al., 2010) . Furthermore, Nkx2.2 is a critical transcription factor in early pancreatic endocrine development and the following differentiation into pancreatic β-cells . In this study, we analyzed the distribution of Nkx2.2 in pre-and post-natal mouse and human cornea epithelia. We found that the cytoplasmic and nuclei staining of NKX2.2 was absent in embryonic stage and began to increase from P15 and the expression was quite abundant throughout adult stages during postnatal period of mice. Its expression is similar to that of human cornea epithelia and there is weak expression of Nkx2.2 in limbus but strong in adult stage. The differentiated cells express more positively than the undifferentiated cells. These observations suggest that Nkx2.2 may activate the differentiated processes of corneal epithelia, especially during the postnatal period.
MATERIALS AND METHODS
Fetal bovine serum (FBS) was obtained from Hyclone (Logan, UT), and Dulbecco's modified Eagle's medium (DMEM), Ham F-12, HEPES, amphotericin B, gentamicin, streptomycin, 0.05% trypsin/0.03% EDTA solution, keratinocyte-SFM (KSFM), EFG human recombinant and bovine pituitary extract (BPE) were from GIBCO (Grand Island, NY). Dispase II (neutral protease, grade II) for dissecting cornea epithelia was from Roche (German). Mouse monoclonal antibodies against Nkx2.2(74.5A5) for Western blot was from Developmental Studies Hybridoma Bank (Iowa). Rabbit monoclonal antibodies against Nkx2.2(25404) for immunehistochemical observation was from Santa Cruz. HRP conjugated secondary antibodies, goat anti-rabbit IgG was from Jackson ImmunoResearch Laboratories (West Grove, PA). DAB Kit (ZLI-9032) was from ZSGB-BIO (Beijing, China). Rabbit monoclonal antibody against β-actin (0061R) for Western blot were from BIOS (Beijing, China). Protein markers were from Fermentas (Glen Burnie, MD). PVDF membrane was from Hybond (Piscataway, NJ). Enhanced chemiluminescence (ECL) reagents kit was from Pierce Biotechnology Thermo (Rockford, IL). Film was from AERMEI, TX (Xiamen, China). Bovine serum albumin (BSA) was from Solarbio (Beijing, China).
Mouse cornea
Embryonate BALB/C mouse were killed until E12.5, E14.5, E16.5 and E18.5. In addition, corneas were obtained from 0-, 4-, 8-, 15-, 30-, 45-, 60-and 90-day BALB/C mice. All animals were killed in accordance with the ARVO Statement for Use of Animals for Ophthalmic and Vision Research.
Human cornea
Fresh fetus eye (E4w-20w, less than 48 h postmortem) from donors of pregnant women aged 18 to 35 years, were obtained from Maternal and Child Health Hospital of Jiangxi, China. Corneas from donor of 17 and 45 years (y), was obtained from Jiangxi People's Hospital. None of the eyes had any record of known ocular diseases, and all corneas were clear and unremarkable.
TKE2 cell line culture
TKE2 is a murine limbal/corneal epithelium-derived progenitor cell line (Kawakita et al., 2008) . TKE2 cells were expanded in keratinocyte serum-free defined medium (KSFM) supplemented with 2.5 ng/ml human recombinant EGF, 25 μg/ml BPE, 1% penicillin and streptomycin at the seeding density of 5000 cells/cm 2 and the media were changed every 3 days. To induce differentiation, the culture media were changed from KSFM into KSFM supplemented with 10% FBS, 1% penicillin and streptomycin and cultured for more 3 to 4 days.
Immunohistochemical analysis
Whole mouse embryonic (E12.5-E18.5) or mouse eyes (P0-P8month) and human cornea (E27w, 17y and 45y) were frozen unfixed in OCT embedding medium (Tissue-Tek; Sakura Finetek Europe, Leiden, The Netherlands), and 5 μm thick cryostat sections stored were at -80°C until they were used for immunostaining. After fixation with cold acetone for 10 min, sections were incubated with 3% H2O2 in DDW for 10 min to block endogenous peroxidases and 0.2% Triton X-100 in DDW for 15 min, and incubated with 2% BSA to block the nonspecific sites. After three rinses with PBS for 5 min each, the antibodies of Nkx2.2 (1:50) was applied and incubated at 4°C for 16 to 18 h. HRP conjugated secondary antibodies were applied at a 1:200 dilution for 1 h at 37°C. After 3 times washes with PBS for 10 min each, Nkx2.2 was detected via DAB staining. Experiments were repeated 3 times.
Western blotting assay
The corneas of mice were dissected with Dispase II for 16 h at 4°C, and then the proteins were extracted with cold RIPA buffer. Equal amounts of proteins extracted from lysates were subjected to electrophoresis on 10% tricine gels and then electrophoretically transferred to PVDF membranes. After 0.5 h blocking in 1% BSA, the blots were incubated with primary antibodies to Nkx2.2 (1:50) and β-actin (1:1000) as a loading control. After three times washes with Tris-buffered saline with 0.05% Tween 20 for 10 min each, the membranes were incubated with HRP conjugated goat anti-rabbit and mouse IgG (1:10000) for 1 h at room temperature. The specific binds were visualized by enhanced chemiluminescence reagents and recorded on films.
RESULTS

Nkx2.2 expression in mouse cornea
In order to determine in detail the spatio-temporal expression pattern during mouse development, we first performed immunohistochemical analysis at various timepoints of fetal and adult mice.
During embryonic development, Nkx2.2 expression was not observed in cornea epithelia. After birth, the Nkx2.2 expression was not detected until P4, and there was weak staining in cytoplasm and nucleus of the one-cell-layered epithelium cells. But the epithelia cells of P8 lacked staining. And then the cytoplasmic and nucleus staining of NKX2.2 began to appear and increase from P15, at a time point, the mice eye opened and the corneal epithelium began to stratify. They were quite abundant throughout stages between 45 and 60 days (Figure 1) . To further determine the distribution of Nkx2.2 in corneal epithelium, we observed the staining in center cornea of P30 and P60. We found that the center cornea and limbus all express Nkx2.2 in P30 (Figure 2A and B) , the differentiation stage. But the center cornea is stronger than limbus in P60 when the cornea have matured already (Figure 2C and D) . We dissected the cornea epithelia of postnatal mice for Western-bolting experiment, and we observed similar result with immunohistochemical ones (Figure 3 ).
Nkx2.2 expression in human cornea
To investigate whether the expression of Nkx2.2 is in a similar pattern with mice cornea in the epithelium of fetal and adult human cornea, we detected its immunehistochemical expression. We found that the nucleus staining of all Nkx2.2 could be found in human corneal epithelial cells of F27w and the 17 and 45y. The intensity of Nkx2.2 staining was substantially increased from the fetal stage to adult stage ( Figure 4A , C and E) and the staining of the center cornea was stronger than limbus in postnatal cornea ( Figures 4C, D, 3E and F).
Nkx2.2 regulate corneal epithelial cell differentiation
Immunohistochemically, we can observe that NKX2.2 was predominantly distributed in cornea epithelial cells in the fetal and adult cornea of mouse and human (Figure 1) . And the result confirmed that there is weak expression of Nkx2.2 in limbus but strong in adult human (Figure 3) . It is therefore reasonable to assume that the major role of Nkx2.2 is to regulate corneal epithelial progenitor cell differentiation. We evaluated the changes of cell phenotype and Nkx2.2 expression in TKE2 cells from shifting medium. Previous reports showed that TKE2 cells cultured in KSFM could maintain progenitor cell characteristic, such as wide cell junction, small cell size with big nucleus/cytoplasm ratio and could be induced into differentiation by adding FBS or increasing calcium concentration in KSFM. We found that Nkx2.2 is positive in TKE2 culture in KFSM supplemented with 10% FBS, which became differentiation cell ( Figure 5A ). And there was a very weak expression of Nkx2.2 in the TKE2 culture in KSFM, which is the progenitor cell characteristic (Fig5B).
DISCUSSION
In this paper, we reported the detailed expression of Nkx2.2, a member of the transcription factor family containing the NK-type homeodomain, in cornea epithelia of mice and human TKE2 cells. Immunohistochemical studies indicated that the Nkx2.2 protein was not observed in the prenatal mice. The protein expressed in cornea epithelia in the postnatal mice began from P4, and it was dramatically increased in P15, and then got the peak at P60. In mouse, the eyes opened around postnatal day 14 and cells in the one to two-cells-layered epithelium proliferated and differentiated. The mature corneal epithelium is achieved by 6 to 8 weeks after birth (Hay, 1980; Zieske, 2004) . So, Nkx2.2 has important role in the late cornea differentiation rather than the early formation in fetal stage. And the dramatical expression in P15 suggests that Nkx2.2 is involved in initiation of differentiations of cornea epithelial cells. And the Nkx2.2 expressed at all the cornea epithelia of P30 and almost in center cornea of P60. So, it is assumed that the Nkx2.2 can also maintain the differentiation in adult stage. Interestingly, our immunohistochemical analysis in various time-points all revealed the transcript factor expressed in cytoplasm and nucleus of mice. So, the cytoplasm expression is also related to the function of differentiation in mice.
In human cornea epithelial cells, the nucleus expression of Nkx2.2 in the F27w and the 17 and 45y-old was detected. Actually, the fetal cornea began to differentiation at F6w and the mature corneal epithelium of human was almost achieved by F36w (Wolosin et al., 2004) . So, the Nkx2.2 expressed at all the cornea epithelia of human in the differentiation. And in the adult stage, there was strong expression in the center cornea but not in limbus, and it is similar with mice. It means that Nkx2.2 also play an important role in maintaining the differentiation stage in human.
TKE2 is a murine limbal/corneal epithelium-derived progenitor cell line. We found that Nkx2.2 was positive in TKE2 culture in KFSM supplemented with 10% FBS, which became differentiated cell ( Figure 4A ). There was a very weak expression of Nkx2.2 in the TKE2 culture in KSFM, which keeps the progenitor cell characteristics ( Figure 4B ). The observation is similar to the result of mice and human cornea. Also, in agreement with previous findings, our data show that Nkx2.2 is unregulated in fully differentiated cells, such as cornea epithelial cells of adult mouse and human.
The development of cornea epithelia is under meticulous control, and Pax6 is an important transcript factor for cornea development (Koroma et al., 1997; Nishina et al., 1999) . The correct Pax6 dosage is necessary for normal clonal growth during corneal development, normal limbal stem cell activity, and correct corneal epithelial cell migration. Disruption of normal cell movement in heterozygotes may be the consequence of failure of nonautonomous guidance cues. Degeneration of the corneal surface in aniridia-related keratopathy relates to both a deficiency within the limbal stem cell niche and nonautonomous diversion of corneal epithelial cell migration (Collinson et al., 2004) . As the downstream gene of Pax6, Pax6 overexpression in the wild type decreased expression of Nkx2.2 in establishment of the progenitor domains of the ventral neurons (Takahashi and Osumi, 2002) . Although, the mechanism is unclear, we can assume that the function of Nkx2.2 is regulated by Pax6 in corneal epithelial progenitor cell differentiation. And the possible function of Pax6 prompting and maintaining the maturity of cornea epithelia cells by activating Nkx2.2 is not clear and requires further investigation.
In summary, we presented herein a dynamic pattern of developmental expression of transcription factor Nkx2.2 in the mouse and human cornea. Like many other tissues of evolutionarily distant organisms, Nkx2.2 acts as the differentiated phenotype and maintains the differentiation stage. The results provide a basis for further investigation of the regulation of the Nkx2.2 gene during corneal development and in diseases such as congenital corneal dysplasia.
Conclusion
Our study demonstrated that NKX2.2 expression is developmentally regulated in cornea epithelial cells, and regulate the differentiation of cornea epithelial cells. The nucleus staining for Nkx2.2 could be found in human corneal epithelial cells of F27w and the 17 and 45y-old. The intensity of Nkx2.2 staining was substantially increased from the fetal stage ( Figure 4A , C and E), and the staining of the center cornea was stronger than that of limbus in cornea ( Figure 4C , D, E and F).
